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m e n s i v e  e l e c t r  che i c a l  inves t iga t ions  have been reported f o r  molten salt sys- 
t e m s  i n  recent  year^.?^-^^ From such work, valuable ins ight  has been gained in to  the  
behavior of e lec t roac t ive  cons t i tuents  i n  molten chlor ide and n i t r a t e  systems, and t o  
a lesser degree, sulfate and phosphate mel ts .  
of molten f luor ides  has been inves t iga ted  l e a s t  of a l l .  The most probable reason f o r  
t h i s  lack  of i n t e r e s t  i s  t h e  i n a b i l i t y  t o  use (on a long term bas i s )  g lass  or quartz 
as insu la to r s  and conta iner  materials. 

Laboratory due t o  t h e i r  appl ica t ion  a s  reac tor  f u e l s .  As a r e su l t ,  considerable re -  
search i s  being conducted t o  character ize  t o  a g r e a t e r  ex ten t  t h i s  c lass  of molten 
salt systems. 
with the  hope of adapt ing such techniques t o  in - l ine  methods of ana lys i s ;  t h i s  paper 
is concerned with the  appl ica t ion  of cont ro l led-poten t ia l  voltammetry and FZnf measure- 
ments t o  the  study of t h e  N i / N i + 2  couple i n  molten LiF-NaF-KF (46.5-11.5-42 mole $) 
and LiF-BeF2-ZrF4 (65.6-29.4-5.0 mole $) . 
f l u o r i d e s  as a corrosion product.  

volume, i s  contained i n  a graphi te  c e l l  (-2" d i a  x 4" long) which is then enclosed 
i n  a quartz  jacket t o  maintain a vacuum o r  control led atmosphere. 
type electrodes a re  i n s e r t e d  i n t o  t h e  melt  through the  Swagelok compression f i t t i n g s  
which are located on the  cap of t h e  quartz enclosure. 
it i s  inser ted  i n t o  a porous graphi te  o r  t h i n  walled boron n i t r i d e  inner  compartment 
of t he  c e l l .  Usually t h e  melt i s  maintained i n  an i n e r t  atmosphere. Provisions a re  
made, however, t o  evacuate t h e  c e l l  whenever necessary.  Disassembly of t he  ce l l ,  s a l t  
addi t ions,  e t c .  are always performed i n  a dry  box. 

currents  t o  5 mill iamperes and t o  produce r a t e s  of voltage scan from 0.05 t o  10 vol t s  
per  minute was used f o r  t h e  voltammetric measurements. 
g raphi te  ind ica tor  e lec t rode  is measured versus a platinum quasi-reference electrode 
because at the time of t h e  voltammetric work we d i d  not  have a p r a c t i c a l  reference 
e lec t rode  f o r  molten f l u o r i d e  systems. 

both d i f fus ion  and convection. 
rates (-50 m.v. per  min.) with the  r e s u l t  t h a t  t h e  current-vol tage curves at s ta t ion-  
a r y  e lec t rodes  are s-shaped. Such curves are a n a l y t i c a l l y  useful, however, because 
the  l i m i t i n g  current  i s  usua l ly  proport ional  t o  t h e  concentration of e lec t roac t ive  
species, bu t  they are d i f f i c u l t  o r  impossible t o  i n t e r p r e t  t heo re t i ca l ly .  

TO minimize convection and achieve condi t ions where d i f f u s i o n  i s  predominant, t he  
current-voltage curves w e r e  recorded a t  scan r a t e s  of 1 t o  10 vo l t s  per minute. 
curves a r e  shown i n  Figure 1; i n  general, peak-shaped curves were obtained. 

The equation f o r  t h e  peals current, ip, f o r  t h e  revers ib le  deposi t ion of an in -  
soluble  substance a t  500°C is ip = 2.28 x 105n3/2AD1/2Cv112 where ip i s  peak current, 
paJ n - e lec t ron  change, A - electrode area, cm2, D - d i f f u s i o n  coef f ic ien t ,  C - con- 
cent ra t ion  of d i f fus ion  species ,  ntj and v is vol tage scan, vo l t s  per sec. P lo ts  of 
i p  versus v1/2 f3r n i c k e l  were l i n e a r  at temperatures of 500, 570 and 60OoC. Tbe 
di f fus ion  coef f ic ien t  as ca lcu la ted  from t h e  slope of t he  l i n e  a t  500°C i s  approxi- 
mately U O "  cm2/sec. 

It appears t h a t  t h e  electrochemistry 

I n t e r e s t  i n  molten f l u o r i d e s  has  increased immensely a t  the  Oak Ridge National 

We are engaged i n  e l e c t r o a n a l y t i c a l  measurements i n  molten f luor ides  

Nickel i s  usua l ly  encountered i n  molten 

For t h e  cont ro l led-poten t ia l  voltammetric studies, t h e  molten f luoride,  .., 40 m l  

The s ta t ionary  d i p  

To i s o l a t e  t he  counter electrod 

A cont ro l led-poten t ia l  voltammeter, ORNL Model Q-1988, modified t o  measure c e l l  

The p o t e n t i a l  of t he  pyrolyt ic  

I n  high-temperature melts, t he  t ranspor t  process t o  the  electrode i s  governed by 
Convection i s  predominant at r e l a t i v e l y  slow scan 

Such 

From p l o t s  of l o g  D v8 I j T ,  and t h e  equation 
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log  D = -E/e.j Hc + log A, an a c t i v a t i o n  energy (E) of about 18 k cal/mole w a s  calcu- 
l a t e d  for  t h e  reduction of n icke l  i n  molten LiF-NaF-KF. 

i n  t h e  molten s t a t e  was demonstrated from t h e  l i n e a r  dependence of ip on n icke l  con- 
cent ra t ion  Over the  range s tudied,  < .e .  approximately 10 t o  80 ppm. 

t r a t i o n  type c e l l s  i n  molter. f l u o r i d e s  t o  check f o r  Nernstian r e v e r s i b i l i t y  and t o  
ascer ta in  the  f e a s i b i l i t y  of u t i l i z i n g  t h e  N i  / N i + 2  couple as a high-t)emperature refer- 

) ence electrode f o r  f l u o r i  e systems. The approach i s  similar i n  pr inc ip le  t o  u t i l i z a -  
t i o n  b:i Lai t inen and Liu($) of the  Pt,/Pt+2 couple as a reference e lec t rode  i n  molten 
chlor ides .  

E s s e n t i a l l y  it i s  
a small vacuum d r y  box (24" long, 20" deep and 15" high)  which i s  o u t f i t t e d  with a 
furnace, vacuum and control led atmosphere f a c i l i t i e s  and a moisture monitor. Utmost 
care i s  exercised t o  p r o t e c t  the  molten f l u o r i d e s  from moisture contamination because 
of t h e  a f f i n i t y  of t h e  molten f l u o r i d e s  t o  moisture and the  r e s u l t a n t  p r e c i p i t a t i o n  

The a n a l y t i c a l  u t i l i t y  of t h e  voltammetric approach t o  t h e  determination of n i c k e l  \ 

) 

L ,  
I Electromotive force measuremenzs were c a r r i e d  out on t h e  N i / N i + 2  couple i n  concen- 

The apparatus used t o  contain t h e  melt i s  shown i n  Figure 2.  

' of oxides.  
' The melt (-400 m l )  is contained i n  a graphi te  c e l l .  

platinum stirrer, Pt-1% Rh thermocouple and the inner  e lec t rode  compartment a r e  
' posi t ioned i n  t h e  melt. The inner compartment of t h e  c e l l  i s  shown i n  Figure 4. It 

cons is t s  of a thin-walled boron n i t r i d e  compartment which contains  t h e  same f l u o r i d e  
\ melt and a f ixed  concentration of dissolved NiF2. 

t h i s  compartmenz. Hot pressed boron n i t r i d e  i s  an i n s u l a t o r  i n  molten f l u o r i d e s  b u t  
\\ i s  slowly penetrated b y  them. A s  a result of  th i s  e f f e c t ,  BN can be u t i l i z e d  t o  

separate  t h e  two h a l f - c e l l s  and ye t  achieve e l e c t r i c a l  contact because such contact  
i s  made when t h e  BN becomes wetted by the melt. For molten LiF-NaF-KF, penetrat ion 
of t h e  BN ( l /32"  w a l l  th ickness)  occurs within a day o r  so; however, it i s  much slower 

the EN t o  drop t o  -1000 ohms o r  l e s s .  

t ion ,  measurements were made and a sample withdrawn f o r  n icke l  ana lys i s .  From t h e  
e q u a t i o n a  E = RT12.3 nF l o g  X I / X p  and p l o t s  of A E versus l o g  XNi, as shown i n  
Figure 5, it was demonstrated t h a t  t h e  n icke l  system exhibits reasonable Nernstian 
behavior a t  500°C. 
mole f r a c t i o n .  From t h e  s tandpoint  of Nernstian r e v e r s i b i l i t y ,  t h e  n i c k e l  couple 
appears t o  be a good choice f o r  a reference e lec t rode  i n  molten f luor ides .  

S t a b i l i t y  s t u d i e s  conducted so f a r  a r e  encouraging. 
LiF-NaF-KF, t h e  Emf remained constant t o  within f 2 mv over a two-week period. 
s tudies  are continuing and longer  s t a b i l i t y  t e s t s  are planned. 

A schematic diagram of t h e  c e l l  and furnace assembly i s  shown i n  Figure 3 .  
A s p i r a l  n i c k e l  e lectrode,  

A n i c k e l  e lec t rode  i s  inser ted  i n t o  

' f o r  LiF-BeF2-ZrF4 melts .  

\\ 

Approximately a week i s  required f o r  t h e  r e s i s t a n c e  through 

With s t i r r i n g ,  weighed por t ions  of NiF2 were added t o  the m e l t .  After each addi-  

The concentration of n icke l  var ied from approximately 10-5 t o  lom3 

For a run i n  molten 
These 
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' \  Fig. 2. D r y  Box-Furnace Combination f o r  Containing Fluoride Melts. 
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